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0 Polymer recovery process. 

0 A polymerization process wherein monomers are 
polymerized in liquid diluent. to produce a liquid 
slurry containing particles of normally solid poly- 
mers, periodically opening a product takeoff port to 
allow a charge of liquid slurry to flow into an elon- 
gated confined zone including a flash fine heater.and 
then into, a flash chamber wherein the lighter compo- 
nents are separated from the polymer The process 
is particularly characterized by the fact the elongated 
confined zone is constructed such that the flow time 
of the charge of slurry in the flash line heater is 
equal to at least about 25 percent of the time be- 
tween the time of the closing of the settling valve 
N and the next opening of the settling valve. 
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POLYMER RECOVERY PROCESS 



This invention relates to a method for recover- 
ing solid polymer from s slurry of solid polymer 
and liquid diluent In another aspect the present 
invention relates to the employment of a flash line 
heater in conjunction with the periodic operation of 6 
a settling leg of a loop type continuous type poly- 
merization reactor. 



capacity results in a large heat transfer area that is 
used for a short period of time. An object of the 
present invention is to provide for a more effective 
use of the heat transfer capabilities of a flash line 
heater. 

A further object of the present invention is to 
provide more compact flash line heater systems for 
polymer recovery. 

Still another object of the present invention is 
to provide for more efficient use of the indirect heat, 
exchange fluid, such as steam. 

Other aspects, objects, and advantages of the 
present invention will be apparent from the follow- 
ing disclosure and FIG. 1 . 



Background of the Invention id 



In many polymerization processes for the pro- 
duction of normally . solid polymer, a stream is 
formed which is a slurry of particular polymer solid is 
suspended in a liquid medium, ordinarily the reac- 
tion diluent Many of these polymerization pro- 
cesses employ a continuous reactor, such as a 
loop reactor, having a downwardly depending set- 
tling leg wherein polymer accumulates. In such so 
polymerization processes the settling leg is periodi- 
cally opened and the slurry contain therein is 
passed on to further processing steps wherein the 
polymer and diluent are separated. Typically the 
separation involves the passing of the slurry from 25 
the settling leg into a flash tank. 

A typical example of such a process is dis- . 
closed in U.S. 4,424,341 , the disclosure of which is 
incorporated herein by reference. 

As noted in the afore mentioned U.S. 30 
4,424,431, it as been known in the past to employ 
a flash line heater to supply vaporization heat to 
the slurry as it is transferred from the settling leg to 
the flash chamber. 

The term flash line heater as used herein refers 35 
to an elongated conduit the interior of which is 
heated indirectly. Generally, most flash line heaters 
are double pipe heat exchangers. The reaction 
diluent is vaporized in the inner pipe utilizing the 
heat supplied from condensing steam in the an- <o 
nulus between the Inner and outer pipes. The de- 
sign of flash line heaters is more complicated than 
a simple heat exchanger because the flash line 
operates intermittently, co-transports a multiphase 
mixture (solid, liquid, and vapor), and the flow ve- 45 
iocity in the line varies over a wide range. One 
problem in the design and use of flash line heaters 
is controlling the flow rate in the flash line indepen- 
dent of the polymer slurry discharge rate. Since the 
flash line should not limit the process flow th y so 
have been typically designed to have a flow capac- 
ity greatly in excess of what flows from the reactor. 
Typically only 5 to about 15% of the flow capacity 
has been used. When a flash line heater is de- 
signed in this fashion the low utilization of flow 



Brief Summary of the Invention 

In accordance with the present invention there 
is provided a process wherein monomers are poly- 
merized in a liquid diluent to produce a liquid slurry 
containing particles of normally solid polymers. Pe- 
riodically the port of a product take off (PTO) valve 
is opened to allow a charge of the liquid slurry to 
flow into an elongated confined zone including a 
flash line heater and then into a flash chamber 
wherein the lighter components are separated from 
said particles. The process is characterized by the 
fact the elongated confined zone is constructed 
such that the flow time of said charge of slurry in 
said elongated confined zone is equal to at least 
about 25% of the time between the closing of the 
settling leg valve and the next opening of the 
settling leg valve. 

Brief Description of the Drawing 

FIG. 1 is a schematic diagram illustrating a 
process for separating polymer from diluent in 
accordance with the present invention. 

Detailed Description of the Invention 

While the present invention is applicable to any 
mixture which comprises a slurry of polymer solid 
and diluent, it is particularly applicable to slurries 
resulting from olefin polymerizations. The olefin 
monomers generally employed in such reactions 
are 1 -olefins having up to 6 carbon atoms per 
molecule and no branching nearer the double bond 
than the four position. Typical examples include 
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ethylene, propylene, butene-1, 1-penten , and 1, 3- 
budiene. The present invention is particularly useful 
in the polymerization of ethylene with or without the 
addition of small amounts of other comonomers 
such as hexene-1 or other monomers which are 
known to be useful for modifying the density of 
polyethylene. 

Typical diluent employed in such olefin poly- 
merizations include hydrocarbons having 3 to 12, 
preferably 3 to 8 carbon atoms per molecule, such 
as propane, propylene, and butane and pentane, 
isopentane, N-hexane, toluene, isoctane, isobutane, 
1-butene, and the like. In some cases, naphthene 
hydrocarbons having 5 to 6 carbon atoms in the 
naphthene ring are also used examples of such 
naphthene hydrocarbons include cyclohexane, 
cyclopentane. methylcyclopentane, ethyl cyclohex- 
ane, and the like. 

In accordance with the invention the polymer- 
ization is conducted at super atmospheric pressure 
and the polymer solids preferably, accumulate in a • 
settling leg. The settling leg is provided with a PTO 
valve having a port which opens into an elongated 
confined zone which comprises a flash line heater. 
The elongated confined zone is in turn connected 
to a flash tank which exposes the contents of the 
flash line heater to a reduced pressure. 

The polymerization reaction temperature will 
vary depending upon the particular liquid diluent 
the type of catalyst, and the type of olefin reac- 
tants. Usually, however polymerization is carried 
out at a temperature of no more than about 230* F, 
more generally between about 225* F and about 
140*F. 

Due to the fact the PTO valve of the settling 
leg is only periodically opened the flow of slurry in 
the flash line is intermittent. The present invention 
is based upon the discovery that if one restricts the 
flow in the elongated confined zone. one. can obtain 
equivalent vaporization with smaller diameter shor- 
ter flash line heaters. 

Generally the elongated confined zone should 
be constructed such that the flow time a charge of 
slurry in the elongated confined zone is equal to at 
least about 25% of the time between the closing of 
the PTO valve and the next opening of the PTO 
valve. More preferably the flow time of the slurry in 
the elongated confined zone is equal to an amount 
in the range of at least 40 to at least about 70% of 
the time between the closing of the settling leg 
valve and the next opening of the settling leg vaive. 

The restriction of the flow in the elongated 
confined zone can be accomplished by any suit- 
able means including areas of varying cross sec- 
tion or a area containing an adjustable orifice, if an 
adjustible orifice is employed the potential for poly- 
mer plugging must be taken into account. In a 
preferred embodiment the restriction is provided 



solely by the internal cross sectional area of the 
- inner pipe of the flash line heater, most preferably 
this inner pipe for an internal, cross-sectional area 
which is substantially uniform throughout its length. 
5 The section of the elongated confined zone mat 
has choke flow is the last part of the zone for 
elongated conduit having uniform diameter. Trie 
restrictive, choke flow point can also be at the 
,- outlet of a smaller diameter conduit connected to a 

.to larger diameter conduit or ft could be a smaller 
diameter conduit located at any convenient location 
in said elongated confined zone. 

The determination of the flow time of liquid in 
the flash line heater can be obtained in any suh- 

75 able manner. One technique involves recording the 
pressure in the elongated confined zone just after 
the port of the PTO valve. The equipment for 
making such a determination is available in the art 
an example of which is disclosed in U.S. 4,211,124, 

so the disclosure of which is incorporated herein by 
reference. The period of slurry flow can be viewed 
as the time during which the pressure in the elon- 
gated confined zone adjacent the settling leg re- 
mains above the normal lowest pressure in the 

25 flash tank. 

Typically the elongated confined zone has a 
substantially uniform an internal diameter in the 
range of about 0.5 to about 10.0 inches? more 
preferably about 0.5 to about 4.0 inches, and still 

30 more preferably about .75 to about 2.0 inch. 

ft has further been found that the ratio of the 
internal cross sectional area of a settling leg to the 
internal cross sectional area of the product take off 
port of the settling leg valve, as well as the ratio of 

35 the internal cross sectional area of the product take 
off port of the settling leg valve to the internal cross 
sectional area of the elongated confined zone can 
affect the resufts obtained with such a system. 

Generally, it has been found that the ratio of . 

40 the cross sectional area of the settling leg to the 
internal cross sectional area of the product take off 
port should be no greater than about 25. The larger 
the leg and the smaller the port size, the less 
turbulence induced in the leg when the PTO vaive 

45 opens. Low turbulence can lead to build of polymer 
on the settling leg wall and eventually plugging of 
the settling leg. In addition as the ratio of the 
settling leg to the' product take off port increases 
more time is required in order to dump a. certain 

so percentage of the settling leg volume. 

A PTO to elongated confined zone internal 
cross-sectional ratio of less than about 0.17 is not 
recommended because the smaller ratios can I ad 
to plugging of the flash lines. This is believed to be 

55 due to the fact that the smaller PTO valve ports do 
not provide sufficient fluid velocity to transport the 
solids to the flash tank in effective manner. More 
preferably the internal cross sectional ratio* of the 
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PTO to the elongated confined zone is not less 
than about 025. 

Typically the ratio of the internal cross, s c- 
tional area of the settling leg to the internal cross 
sectional area of the elongated confined zone is in 
• ihe range of about 4 to about 25. The term 
"internal cross-sectional area as used herein refers 
to the average internal cross-sectional area of the 
length of the subject item. 

The exact heating conditions employed in the 
flash line heater will vary depending on the particu- 
lar results desired and the .particular polymer and 
diluent being processed. Generally it is preferred to 
operate the, flash line heater under conditions such 
that substantially all of the liquid of said slurry is 
vaporized by the time the material in the flash line 
heater reaches the flash tank. Often it is desirable 
to operate the flash line heater so that the effluent 
from the flash line heater is at a temperature of 
about 130' to about 200 * F; more , generally 
160".F to 170*F t when the effluent passes into the 
flash chamber. 

The conditions maintained in the flash tank can 
also vary widely, depending upon the results de- 
sired, the polymers being employed, and the 
diluent involved. Sequential flash steps can be em- 
ployed, however, it is general preferable to employ . 
a single flash step. Typically when a single flash 
chamber is to be employed the pressure would be 
in the range of about 1 to about 20 psig. 

A further understanding of the present inven- 
tion will be provided by referring to FIG. 1 which 
illustrates a system employing an embodiment of 
the invention. 

In the embodiment illustrated in FIG. 1 a poly- 
merization is carried out in a loop reactor 10. The 
polymerization mixture is circulated by an agitator 
11. Monomer and diluent are introduced through 
conduits 14 and 16, respectively connected to con- 
duit 13. Catalyst is added through conduit 17. Nor- 
mally the catalyst is introduced as a suspension in 
hydrocarbon diluent. 

As the polymerization progresses polymer slur- 
ry accumulates in the settling leg 18. The settling 
leg is provided with a valve providing a product 
takeoff port (PTO) which is connected to a conduit 
19 which in turn opens into a flash chamber 20. 
The conduit 19 includes a surrounding conduit 21 
which is provided with a heated fluid which pro- 
vides indirect heating to the material in conduit 19. 
The flash chamber 20 can optionally include in its 
lower end a gas distribution plate 22.^ In such a 
C2se heated diluent vapor provided via conduit 23 
can be passed into the flash chamber 20 and 
through the distributor plate 22 in such a fashion as 
to cause a fluidized bed of polymers solids to 
occur in the flash chamber to assist in the drying of 
the polymer. 



Vaporized diluent exits the flash chamber 20 
via conduit 24 as further processing as shown in 
U.S. 4,424,341. Polymer particl s are withdrawn 
from the chamber 20 via line 28. The polymer from 
s line 28 can be further processed using techniques 
known in the art. For example, ft can be passed to 
a secondary flash chamber 27 and from there to a 
conveyer dryer 42. One of the advantages of the 
present invention is that it is capable of raising the 
?o temperature of the polymerization effluent to such 
an extent that the conveyor dryer can be replaced 
with a simple purge column. 

Preferably the conduit 1 9 is of sufficient length 
and diameter to permit the transporting fluid to 
75 expand by pressure reductions and vaporization so 
that the mixture obtains a sonic velocity (or acous- 
tic velocity) in at least one point in the conduit 
system. Preferably the diameter and length are 
chosen so as to permit the complete vaporization 
20 , of the diluent prior to the introduction of the slurry 
into the flash chamber. 

The reactor discharge slurry flow can be 
spread in time by having the flow restricted at the 
discharge of the elongated confined zone 19 by 
25 reaching choke (sonic) flow at some place in the 
flash line heater. The slurry that is dumped in 
batch fashion into the elongated confined zone 19 
by the settling leg product take off valve (PTO) is 
held back to vary extents in the initial section of the 
30 flash line by back pressure caused by choke flow. 
The reduced flow rate in the remainder of the flash 
line heater uses the heat transfer capacity to a 
much larger extent so that less surface area for 
heat transfer is needed to accomplish the vaporiza- 
35 tion of the reactor liquid in the slurry coming from 
the PTO valve. 

The present invention is based in part on a 
surprising discovery that due to the intermittent 
operation of the PTO valves a smaller diameter 
40 conduit 19 can give higher slurry discharge tem- 
peratures than larger diameter conduit of the same 
length for equal volume of slurry flow. This is 
surprising since large diameter conduits have more 
surface area per unit length for heat transfer than 
45 smaller diameter conduits. By using smaller diam- 
eter conduits which cause sonic (choke) velocity 
the time of contact of fluid in the flash line heater, 
i.e. the flow time, is increased and thus allows one 
to obtain more heat transfer even though the heat 
so transfer area is smaller for the smaller diameter 
flash lines. 

With proper design a flash line heater in accor- 
dance with the present invention it may be possible 
to do away with polymer dryers or at least reduce 
55 the utility cost involved with such polymer dryers. 

Representative Example 
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In e process where polyethylene is produced 
and the slurry of hydrocarbon and polyethylene 
that is removed from the settling leg needs to be 5 
heated to 1 90 * F by the time H enters the flash 
chamber, ft choke flow is not used the elongated 
confined zone would need to be 1300 to 1400 feet 
of 8 inch line. Such an arrangement would use only 
about 8% of the flash fine heater flow and heat to 
transfer. In contrast by using e 2 inch line only 376 
feet of line would be needed to provide approxi- 
mately the same temperature for product entering 
the flash tank, i.e. about 190* F. . 



Claims 

1 . A polymerization process comprising polymeriz- 
ing monomers in a liquid diluent to produce a liquid 20 
slurry containing particles of normally solid poly- 
mer, periodically opening a port of a product take- . 

off valve (PTO valve) of a setting leg to allow a 
charge of said liquid slurry of particles to flow into 
an elongated confined zone comprising a flash line 25 
heater and then into a flash chamber wherein the 
lighter components are separated from said par- 
ticles, characterized in that the elongated confined 
zone is constructed such that the flow time of said 
charge of slurry in said elongated confined zone is 30 
equal to at least about 25 % of the time between 
the closing of the PTO valve and the next opening 
of the PTO valve. 

2. The process of claim 1 wherein the flow time of 

said charge of slurry in said elongated confined 35 
zone is equal to at least about 40 % of the time 
between the closing of the PTO valve and the next 
opening of the PTO valve. 

3. The process of claim 2 wherein the flow time of 
said charge of slurry in said elongated confined ao 
zone is equal to at least about 50 % of the time 
between the closing of the PTO valve and the next, 
opening of the PTO valve. 

4. The process of claim 3 wherein the flow time of 
said charge of slurry in said elongated confined 45 
zone is equal to at least about 60 % of the time 
between the closing of the PTO valve and the next 
opening of the PTO valve. 

5. The process of claim 4 wherein the flow time of 

said charge of slurry in said elongated confined so 
zone is equal to at least about 70 % of the time 
between the closing of the PTO valve and the next 
opening of the PTO valve. 

6. The process of claim 1 wherein the internal 
diameter of the elongated confined zone is sub- 55 
stantially constant and is in the range of 1.3 to 102 

cm. 

7. The process of claim 6 wherein the internal . 



diameter of the elongated confined zone is sub- 
stantially constant and is about 5 cm. 

8. The process of claim 7 wherein the flow time" of 
said charge of slurry in said elongated confined 
zone is equal to at least about 40 % of the time 
between the closing of the PTO valve and the next 
opening of the PTO vaive. 

9. The process of claim 1 wherein the internal 
diameter of the elongated confined zone is sub- 
stantially constant and is about 1 .9 cm. 

10. The process of claim 9 wherein the flow time of 
said charge of slurry in said elongated' confined 
zone is equal to at least about 70 % of the time 
between the closing of the PTO valve and the next 
opening of the PTO valve. 

11. The process of any of the preceding claims 
wherein the ratio of the internal cross-sectional area 
of the settling leg to the internal cross-sectional 
area of the port of the PTO valve is no greater than 
about 25. 

12. The process of claim 11 wherein the ratio of 
the internal cross-sectional area of the port of the 
PTO valve to the internal cross-sectional area of 
the elongated confined zone is at least about 0.17. 

13. The process of any of the preceding claims 
wherein substantially all of the liquid of said slurry 
is vaporized within said elongated confined zone. 

14. The process of any of the ''preceding claims 
wherein said polymer consists essentially of poly- 
ethylene. 

15. The process of claim 14 wherein said flash line 
heater is operated under such conditions as to 
assure that the effluent from the flash line heater is 
at a temperature of 71 to 77 " C when said effluent 
passes into the flash chamber. 

16. The process of claim 15 wherein said PTO 
valve is located at the lower end of the settling leg 
and the ratio of the internal cross-section of a 
settling leg to the internal cross-section of the 
elongated confined zone is in the range of 4 to 25. 
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